INTRODUCTION
Salt lakes are important mineral resources which contain a variety of salts(mainly NaCl). Salt lakes, as a special environment of high salt concentration, are rich in halophilic microorganisms (Oren, 2002) .As an important part of the salt lake ecosystem, the halophilic microorganisms have special genetic mechanism and unique metabolites, which have great application research value and development prospect (He & Lee, 1993) . China is a multi-salt lake country, therefore it is of great significance to understand and study the community structure of microorganisms in Chinese salt lakes . It is one of the most important tasks for scientific workers to study its genetic evolution, separation and extraction and its comprehensive utilization in combination with the characteristics of Chinese unique and rich mineral resources.
Several researches on the genetics and physiology of microbial resources have focused on highaltitude regions, but studies in low-altitude regions are scanty (Xu et al., 2007) . In this study, the extremely halophilic microorganism were cultured from Tainan Salt Field of Lianyungang, Jiangsu Province, China. With further researches done, the use of traditional technologies for environmental microorganisms have been unable to meet the development and utilization of microbial resources (Zhao et al., 2013) . Miseq high-throughput sequencing is the second generation of highthroughput sequencing technology, is one of the most widely used Illumina Solexa high-throughput sequencing platform (Huang, 2013; Goodwin et al., 2016) , with high accuracy and large throughput, and has been applied in a large number of studies (Guan et al., 2011; Wu et al., 2015; You et al., 2016) . This paper reports the results of studies on the diversity of halophilic microorganisms in Tainan Salt Field of Lianyungang using culture, high-throughput sequencing and phylogenetic analysis of selected isolates based on 16S rRNA gene sequences.
MATERIALS AND METHODS

Site description and sample collection
The study was carried out in the Tainan Salt Field of Lianyungang, North Latitude 34.7'-35.7'), Jiangsu Province, China, which is an extreme saline environment. The total hardness of the water is 10 g/l and its chemical composition is mainly Chloride, followed by Sodium ion (Table 1 ). The water samples were collected in the top 10 cm layer from the salt lake in June 2012. After being sieved through microporous membranes of whose pore size is 0.22μm, the samples were stored at 4°C before the microbial analysis. . Then extracted 100 μl diluted liquid to solid MGM medium plate for a 10 to 15 days spread plate cultivation under the temperature of 37℃. The cultivated archaea were then streak cultivated to get a single colony. Archaea from the single colony were streak cultivated again to obtain purified strains (Xu et al., 2005; Gerber et al., 1982) .
DNA extraction, PCR amplification and high-throughput sequencing
DNA were extracted according to the instruction of E.Z.N.A Soil DNA gel extraction kit by OMEGA. Details of the procedure will not be listed in this paper.
The 16SrRNA gene sequence of the archaeal strain was amplified by PCR with the following forward and reverse primers: 5'-ACGGGGYGCAGCAGGCGCGA-3' and 5'-GTGCTCCCCCG CCAATTCCT-3'. The PCR condition: 20μl of reaction system, reaction cycles 30 times, 95℃ predenaturation for 2min, 95℃ denaturation for 30s, 55℃ annealing for 30s, 72℃ extension for 30s, 30 cycles at 72℃ for 5min, 10℃ until halted by uesr.
The 16SrRNA gene sequence of the bacterial strain was amplified by PCR with the following forward and reverse primers: 5'-AGAGTTTGATCCTGGCTCAG-3' and 5'-TTACCGCGGCTGCTGGCAC-3'.The PCR condition: 20μl of reaction system,reaction cycles 25 times, 95℃ predenaturation for 2min, 95℃ denaturation for 30s, 55℃ annealing for 30s, 72℃ extension for 30s,25 cycles at 72℃ for 5min, 10℃ until halted by uesr.The PCR product was sequenced by Shanghai Majorbio Bio-pharm Technology Co.,Ltd.
According to the preliminary quantitative results of electrophoresis, the PCR products were quantified by QuantiFluor™ -ST Bule Fluorescence Quantitation System. According to the sequencing quantity of each sample, a corresponding proportion of mixed sequencing was followed, followed by Miseq library construction and Miseq sequencing. Sequencing with GS FLX+_ Sequencing Method Manual_XL+ Kit.
Analysis of sequence data, and phylogenetic tree construction
The 16S rRNA gene sequences were compared with the other strains from the EzTaxon Server database. The phylogenetic trees were constructed with the neighbor-joining method of Mega 5.0 software.The topology structure's stability of phylogenetic trees were appraised by using bootstrap value with 1,000 repeats (Felsenstein, 1985) .
The 16SrRNA gene sequence of isolated strains have been deposited in the GenBank database and accession numbers were obtained. The similar sequence of the other strains were obtained from the database of EzTaxon Server.
RESULTS
Phylogenetic analysis of 16S rRNA sequence
We isolated and enriched 16 strains from the samples, 6 of bacteria , 10 of archaea respectively. After amplifying of PCR, there're 1400bp to 1500bp lengths of each sample's 16S rDNA for phylogenetic
Fig.1 Phylogenetic tree showing the position of LYG halophilic archaeal strains among selected clones or strains belonging to division Halobacteriaceae.The tree,which was rooted using Methanosarcina lacustris as the out-group, was generated by the neighbour-joining method. The number at each branch of phylogenetic tree represents the bootstrap value (1000 replicates).
Fig.2 Phylogenetic tree showing the position of LYG halophilic bacterial strains among selected clones or strains belonging to division Halobacteriaceae.The tree,which was rooted using Chlamydia abortus as the outgroup, was generated by the neighbour-joining method. The number at each branch of phylogenetic tree represents the bootstrap value (1000 replicates).
The archaea had 10 different strains and nine of them belonged to genus halorubrum. LYG-1 was clustered into one group with Halorubrum orientale. LYG-4 showed 96% homology with Halorubrum xinjiangense, which may represent further members of this novel phylum that is yet to be proposed. LYG-8 was distinct from others that it's close to Haloarcula japonica. Meanwhile,the bacterial species are more classified, each belonging to a different genus.Among them,LYG(B)-5 belonged to genus Lentibacillus.
Archaeal community composition structure
The high-throughput analysis of archaeal 16S rRNA genes resulted in recovery of 5184 effective sequences and obtained 4203 optimized sequences, accounting for 81.08% of effective sequences,with an average read length 486 bp.
Sequences of the samples from the Tainan Salt Field, 360 sequences were unknown or have not been classified as genera(9.63%), indicating that there were many potential new species to be discovered. The rest of it mainly dominated by the following 4 genus: Halobellus(7.84%), Halonotius(10.64%), Haloplanus(5.32%), Halorubrum(57.77%) and the rare genus had 329 sequences, accounting for 8.80% of all (Table 2 and Fig. 3) . 
Bacterial community composition structure
The high-throughput analysis of bacterial 16S rRNA genes resulted in recovery of 6089 effective sequences and obtained 4589 optimized sequences, accounting for 75.37% of effective sequences, with an average read length 482 bp.
Sequences of the samples from the Tainan salt field, 567 sequences were unknown or have not been classified as genera(12.64%), indicating that there were many potential new species to be discovered.
The rest of it mainly belonged to the following genus: Acinetobacter (31.36%), Delftia (24.10%), Ectothiorhodospiraceae uncultured (3.86%), Methyloversatilis (4.23%), Rhizobium (4.08%), Salinibacter (10.41%) and the rare genus had 418 sequences,accounting for 9.32% of all (Table 3 and Fig. 4 ). 
DISCUSSION
Lianyungang is located in the South-East Coastal region, having monsoon climate of medium latitudes throughout the year, which can bring warm wind and abundant rainfall (Zheng, 2002) . The 10 archaeal strains collected from Tainan salt field demonstrated that sea water was good to breed extremely halophilic archaea. Several years ago, we researched the diversity of extremely halophilic archaea of another salt lake in Lianyungang , and the result showed that the dominant genus was Halorubrum as well (Wen et al., 2009) . It illustrated that these areas in Lianyungang have the same natural conditions, and they have a similar effect on extremely halophilic archaea. According to the reference, if the 16S rRNA gene sequences of microbial homology is less than 98%, they belong to different species. LYG-4 showed 96% homology with Halorubrum xinjiangense that indicated it may be a novel species had not been found yet. So further investigation is necessary to identify more new microbial species.In contrast, the classification of bacteria is much clear.All of their 16S rRNA gene sequences of microbial homology is more than 98%. Although they belong to different genus, but their species can be determined, as shown by the phylogenetic tree. In summary, bacteria are more abundant. Many kinds of bacteria can adapt to this extreme environment. Nevertheless, archaea are more specific. Compared with bacteria, less archaeal effective sequences were detected and Halorubrum is predominant.
In this paper, a large number of sequences were obtained by high-throughput sequencing, and the bacterial and archaeal community structures in Tainan Salt Field of Lianyungang were comprehensively analyzed, which could provide some theoretical basis for the comparison of the bacterial and archeael community diversity and species distribution characteristics in the future, and also could provide an important reference to Chinese coastal salt environment microbial species resources and the future development of it.
